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Executive Summary  

Transit deserts are urban areas with poor transportation related infrastructure access. In these areas, 

transit demands usually exceed transit supplies. In this CM2 project we refined the concept of 

transit deserts further and introduce the new concept of transit oases and transit adequate areas. 

We then applied our methods to 52 US cities. We found that all cities have issues with transit 

deserts. Central Business Districts are almost all transit oases. The methods presented here can be 

applied to almost any city to quickly assess transportation supply and demand and determine which 

areas are potentially being underserved with regards to transportation.  
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Chapter 1. Introduction  

Overview and Objectives  

This report is the result of two years of work, assessing transportation infrastructure gaps in 52 

cities in the United States. This work has resulted in the creation of the website 

www.transitdeserts.org and the submission of a paper to the Journal of the American Planning 

Association (JAPA). This work has also generated extensive press coverage including articles in 

the Chicago Tribune, Los Angeles Times, Smithsonian Magazine, and The Conversation. This 

report details the work, the methods used, the results, and the implications of our findings for urban 

planning and policy.  

 

This chapter situates our research in the broader context of transportation planning. First, we 

discuss the importance of adequate transportation for well-being and health. Then we establish the 

validity of transit desert research methods and discuss current research into transit deserts. Finally, 

we provide a broad overview of the methods used.   

 

Background  

Transportation, at its core, is about empowering people to live their best lives. Without adequate 

transportation access people are worse off economically, are less healthy, are less socially 

connected, and have less fulfilling lives. For example, one study found that people with steady 

access to transportation have a higher degree of life satisfaction (Cutler, 1975).  Another study 

found that those with less access to transportation are less healthy due to worse access to healthcare 

(Syed, Gerber, & Sharp, 2013). Other studies have demonstrated that transportation is key 

component of ensuring healthy food access and ensuring socially inclusive societies (Hendrickson, 

Smith, & Eikenberry, 2006; Lucas, 2006). Without good transportation people are far more limited 

in where they can travel and thus how they spend their time.  

 

Despite the clear importance of good transportation access, adequate access is not guaranteed. 

Many areas in cities are underserved by transportation of all kinds. The Center for Neighborhood 

Technology found that 43% of households in Miami-Dade County, Florida were underserved by 

http://www.transitdeserts.org/
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public transit (“A Brief Walkthrough of our Transit Gap Tool | AllTransit,” n.d.). Additionally, 

prior transit desert studies have found significant areas of cities that are underserved by 

transportation networks (Jiao, 2017). Other studies have demonstrated that certain areas of cities 

have less access to bicycle networks (Tucker & Manaugh, 2018).  

 

Given the fact that transportation access is critical for the health and wellbeing of citizens and the 

fact that certain areas of cities are underserved by transportation, providing adequate service to 

underserved areas should be a top priority for policy makers. This problem might seem difficult at 

first, but planners and policy makers have the tools at their disposal to begin to close the gaps.  

This might be done through a variety of policy measures including better transportation planning, 

more funding of transportation, and prioritizing transportation access as a matter of public policy. 

One study found that public transit usage is primarily determined by factors endogenous to the 

system like headways and reliability of service (Alam, Nixon, & Zhang, 2015). Another approach 

might be to shift some funding away from highways (which currently receive the majority of 

federal transportation funds) and shift them towards public transit (The Benefits of Reliable 

Federal Funding for Public Transportation, n.d.). These are two approaches among many that 

planners and policy makers could undertake to close these gaps. But, overall evidence suggests 

that policy makers and planners do have the tools at their disposal to begin to close these gaps.  

 

Even though there are a number of potential approaches that might begin to close these 

transportation gaps, information about where these gaps occur is often lacking. Identifying areas 

where more transportation is needed can be time consuming and difficult especially if advanced 

modeling techniques are used. To help to solve this problem we refined a transportation gap 

detection method first developed by Jiao and Dillivan in 2013 (Jiao & Dillivan, 2013). This method 

provides a robust method to better identify areas in cities that are underserved by transportation 

infrastructure networks. It provides a framework for sketch planning that enables planners to 

quickly identify areas that might need better transportation infrastructure.   

 

Transit Desert Literature Review 
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The transit desert concept is situated within a broader body literature that focuses on transportation 

gaps and transportation accessibility. A robust discussion of the literature on both transportation 

gaps and transportation accessibility is beyond the scope of this report. But the following 

paragraphs will provide a brief overview of the state-of-the-art in regard to both concepts.  

 

Several studies have focused on assessing transportation gaps in various contexts. Mamun and 

Lowes looked at the gap between accessibility of public transit and the need for public transit in 

Meriden, Connecticut. They first assess the intensity of public transit in a given area and then 

assessed the need for public transit in area using the Census Transportation Planning Package 2000 

Database (Mamun & Lownes, 2011). This study found consistently high unmet transit needs across 

the city (Mamun & Lownes, 2011). Another study looked Public Transit Accessibility (PTA) in 

Wasatch Front Region of Utah (Fayyaz, Liu, & Porter, 2017). Here the authors found that denser, 

urbanized areas, in this case core Salt Lake City, have good PTA while peripheral areas have worse 

PTA (Fayyaz et al., 2017). Bejleri et al. identified services gaps by identifying transportation 

disadvantaged areas and calculating transportation supply based on various accessibility metrics. 

They applied this method to Alachua County, Florida (where Gainesville and University of Florida 

are located). Their results are consistent with other studies in that they found downtown areas have 

high supply that meets demand and outer lying areas have low supply that does not meet demand 

(Bejleri, Noh, Gu, Steiner, & Winter, 2018).  

 

A robust body literature exists with regards to transportation accessibility and providing an 

extensive review of all this literature is well beyond the scope of this project. Therefore this section 

will focus on literature reviews and meta-studies of transportation accessibility which provide 

good overviews of transportation accessibility scholarship.   

 

 Much of this literature focuses either on developing methods to measure accessibility or assessing 

what good accessibility looks like from a more philosophical perspective. Paez et al. looked at 

various implementations of the concept of accessibility. They found that accessibility is typically 

defined using some combination of “the cost of travel (determined by the spatial distribution of 

travelers and opportunities) and the quality/quantity of opportunities” (Páez, Scott, & Morency, 

2012, p. 142). They found that using both positive and normative accesiblity measures provides 
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the best overview of how accessible an area is (Páez et al., 2012). Another study conducted by Saif 

et al. provides a general overview of the literature on public transit accessibility to date. They 

found that accessibility measures are usually either place based or person based (Saif, Zefreh, & 

Torok, 2018, p. 5). Finally, another literature review focused on the efficiency of various 

accessibility measures and found that there is no single, best measure. Instead the best measure 

depends on the resources available and the specific context (Jones, 1981).  

 

Specifically, transit deserts are a concept that evolved from earlier work on food deserts by Dr. 

Junfeng Jiao (Jiao & Dillivan, 2013). The idea is that, just as certain areas in cities do not have 

adequate access to food, some area do not have sufficient access to transportation. However, food 

access and transportation access not total analogues. Measuring food access, while complex, is not 

as complex as measuring transportation access. By accounting for both spatial and economic 

factors, food access can be measured reasonably well (Jiao, Moudon, Ulmer, Hurvitz, & 

Drewnowski, 2012). However, transportation access is more multi-faceted than food access. First, 

people move about cities through a wide variety of means. Some people may have their 

transportation needs met though sufficient access to roads, but others might require bike 

infrastructure for example. Second, adequate transportation access is a function of demand. 

Everyone has different transportation needs, as opposed to food where everyone as certain basic 

need for it. It might be tempting to say that areas that lack subways, for example have poor 

transportation access. But there is no need for a subway station is a rural area for example. Thus, 

measures of transportation access have to account for this varying demand. Finally, it is much 

harder to conceptualize what adequate transportation access looks like. Food access is easy to 

understand theoretically, but adequate transportation access is hard to imagine and thus more 

difficult to measure.   

 

In order to fill this knowledge gap Dr. Junfeng Jiao first developed the concept of transit deserts 

in 2013. A transit desert is an area where transportation supply exceeds demand and thus a ‘gap’ 

exists between what the quantified demand for transportation is and what the transportation supply 

actually is. As mentioned, this method was initially developed by Junfeng Jiao in 2013, but since 

that time the method has evolved in several ways. First, Jiao further refined the method in 2017 to 

look at cities in Texas. This method incorporates more advanced methods to calculate the demand 
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for transportation infrastructure. Jiao found that all major cities in Texas had transit deserts with 

San Antonio and Houston being the cities with the highest number of transit deserts.  

 

Kim et al. took the transit desert concept further. In this study, instead of using the block group as 

the unit of analysis, Kim et al. used a series of buffers around transit stops as their unit of analysis 

(Kim, Hall, & Drive, 2019). They also gave different weights to different transportation modes. In 

this study Kim et al. that several high demand areas did not have good access to transportation 

service, creating transit deserts (Kim et al., 2019). A final study looked at transit deserts in 

Baltimore, Maryland in order to understand if the Baltimore Link helped to alleviate transit deserts. 

This study found that the Baltimore Link was generally ineffective in alleviating transit deserts 

(Franklin & Chavis, 2019). 

 

All of these prior studies have the same general limitations, however. First all of the prior transit 

deserts did not account for all the of transportation modes in a given city. Prior studies have mostly 

used the primary public transportation network and not accounted for other, secondary public 

transportation services. Second, and maybe most importantly, all prior studies have been relatively 

small in terms of scope. For example, Jiao and Dillivan (2013) studied four cities and Kim et al. 

looked at a small area in Utah. Finally, all prior studies have simply classified areas as either transit 

deserts or non-desert areas. There has been no attempt to classify areas along a gradient.  

 

To correct some these limitations, we applied a refined transit desert method to 52 US cities. We 

made three key innovations in this project. First, this is the largest study of transit deserts to date. 

This provides more information than ever before on the nature and distribution of transit deserts 

in the United States. Second, we accounted for more transportation modes than in previous studies 

We developed better methods to measure sidewalks which were previously underrepresented. We 

also accounted for more public transit services than prior studies. Finally, we refined the method 

for calculating demand, using better measures for the number of people ages 12-18 and the number 

of people in group quarters. In the next chapter we present the full study we conducted and our 

results.      
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Chapter 2. Transit Deserts USA: Lessons from 52 Cities  

 

Junfeng Jiao and Chris Bischak 

Please Note: This paper is being submitted for review to the Journal of XYZ.  

Problem, Research Strategy, and Findings: 

Transportation is one of the most critical services that cities provide. It allows people to access 

jobs, recreational opportunities, healthy food and more. Good urban planning is essential to 

creating a cohesive and efficient transportation network. However, traditional urban planners often 

lack appropriate tools to assess transportation service in their city independent of specialized 

transportation engineers. Moreover, regular transportation planning methods may not take a 

holistic look at existing networks. In this paper, we refine a method for quickly assessing 

transportation related infrastructure supply, demand, and gaps that can be adapted to a wide variety 

of circumstances. This method assesses transportation related infrastructure holistically rather than 

on a mode by mode basis. We apply this method to 52 major United States cities and then present 

our results. Our results indicate that providing sufficient transportation infrastructure access is an 

issue that all cities face, and areas with inadequate of transportation infrastructure are often of 

lower socioeconomic status. Full results, at the block group level, for all 52 cities can be found at 

www.transitdeserts.org.  

Takeaway for Practice: 

Enhancing urban mobility through tighter integration of multimodal transportation networks is a 

critical challenge for urban planners in the 21st Century. New tools such as the one presented here 

can be used to fill critical information gaps that currently exist. Using methods such as these as a 

starting point to assess transportation related infrastructure access can enable practitioners to better 

identify gaps in each city.  

http://www.transitdeserts.org/
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Introduction 

Transportation, in many ways, is the life blood of cities. It allows people to access jobs, recreational 

opportunities, healthy food, and much more. Good transportation networks make people’s lives 

easier by allowing them efficiently to reach a variety of destinations with ease. But traditional 

transportation planning has often fallen short in at least three key respects. First, and most 

importantly is transportation planning often adopts a  “unimodal perspective…as opposed to the 

often more fruitful intermodal approach” (Sussman, Sgouridis, & Ward, 2005). Additionally, 

transportation planning methods today have “achieved a sophistication unimaginable by those who 

laid their foundation in the 1950” (Verma & Ramanayya, 2014). However, this mean they are often 

expensive and time consuming to conduct as they rely on advanced statistical modeling. 

Additionally, traditional transportation planning methods often use land use patterns as a predictor 

of trip demand. However, this can be unreliable, as zoning and land use can rapidly change and 

may not truly reflect the demand for transportation in certain areas. This often leads to substantial 

inaccuracies in demand forecasting for both road and public transit systems (Flyvbjerg, Skamris 

Holm, & Buhl, 2005).  

New tools are needed that allow urban planners to quickly assess what areas of a city may be 

underserved by existing transportation networks. These tools should account for the wide-range of 

transportation modes that urban residents might avail themselves of including driving, public 

transit, walking, and biking. This is especially important as there is an increasing recognition that 

transportation planning must be a comprehensive effort that integrates all forms of planning 

(Marshment, 1999). In this paper we present a refined, sketch planning method to assess 

transportation related infrastructure demand and supply at the block group in a given geographical 

area.  

Our sketch planning tool relies on publicly available census data and GIS data to map out the 

relative transportation related infrastructure demand and supply in a city, then identify the gaps 

between the supply and demand. It identifies areas that have large gaps between demand for 

transportation and transportation related infrastructure which are termed ‘transit deserts.’ 

Additionally, in this paper, we further develop the concept and introduce a new a new term ‘transit 

oases’, to contrast with the concept to transit deserts. These areas have a potential oversupply of 

transportation related infrastructure as compared to demand.   
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We applied our planning method to 52 major United States cities. We found that every city had 

areas where transportation related infrastructure demand supply exceeded demand and where 

demand exceeded supply. The geographic distribution of the transit underservice was 

geographically uneven, whereas transit over service tended to cluster in the Central Business 

Districts of cities. Finally, we found that the populations living in transit deserts tend to be of lower 

socioeconomic status, younger, and less white than the populations living in areas with sufficient 

transportation related infrastructure supply.  

Background 

Transportation serves as a critical lifeline for nearly everyone that lives in a city. In theory a person 

could get by with almost no access to transportation except walking if everything they needed was 

in their neighborhood. But many US cities are not particularly walkable especially when compared 

to their European and Asian counterparts (Adams et al., 2014) .  For example, in 2017 the United 

States Department of Health released its  Report Card on Walking and Walkable Communities and 

found that “Only 32 percent of states (n = 16) meet the standard of ≥ 30 percent of residents living 

in a highly walkable neighborhood” (ODPHP, 2017).  Additionally, the United States received an 

‘F’ grade for walkable infrastructure and a ‘D’ grade for pedestrian safety. Transportation statistics 

reflect how little people walk in the US. As of 2013 US citizens traveled over 3 trillion vehicle 

miles per year in private vehicles, 57,17 million miles on all forms of public transit excluding 

airlines and spent 1.13 trillion dollars on transportation (Nguyen et al., 2016). Thus, given the 

rather dire situation when it comes to walking in the United States, most people in the US are 

probably dependent on transportation infrastructure like roads, public transit etc. to one degree or 

another; therefore transportation is an immensely important part of cities and society more broadly.  

Because of the immense importance of transportation much effort has been dedicated to the 

modeling of transportation systems. These methods have evolved from fairly simple ones to the 

exceedingly complex methods used today (Bandara & Wong, 2005; Chen & Kasikitwiwat, 2011; 

Karlaftis & Vlahogianni, 2011; Marshment, 1999;  Xiao, Yang, & Ye, 2016; Yang, Bell, & Meng, 

2000; Zhong & Young, 2010). The advantage of using such sophisticated models is that 

transportation modeling has become appreciably more accurate (Hartgen, 2013), but because their 

complexity, these traditional transportation planning models often consume significant time and 

resources.  
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The other issue that arises from the complexity of these methods is that other planning 

professionals, who might play a key role in transportation planning projects, may not be able to 

understand the results in a meaningful way or cannot conduct such modeling themselves if the 

need arises.  

Increasingly urban planners are working both with engineers and the public to address 

transportation issues (Litman, 2013; Meyer, 2000). However, urban planners and the public cannot 

meaningful participate in the planning process if they do not have access to quality and easy to 

understand information (Zhong, Young, Lowry, & Rutherford, 2008). Such difficulties have led 

some to seek new planning tools and methods so that transportation supply can be optimally 

matched with transportation demand (Bertolini, Clercq, & Straatemeier, 2008).   

Perhaps more important than the issues associated with complex transportation planning demands 

is the fact that these methods fail to account for all the various ways that residents can get around 

an urban area and transportation planning typically has a unimodal focus (Marshment, 1999). 

Litman further argued that “Conventional [transportation] decision-making is reductionist; each 

problem is assigned to a different person or agency…[this] approach tends to be ineffective at 

solving complex problems with interrelated and conflicting objectives” (Litman, 2003). One way 

to fill this gap and achieve this objective is to provide planners with tools that allow them to assess 

transportation networks holistically. The objective of this paper is to fill at least part of that gap by 

providing planners with a method to assess city’s entire transportation infrastructure network that 

is both easy to use and understand. 

 To better measure and understand the transportation related infrastructure in 52 major US 

cities, we conducted a transit access analysis using a GIS based methods developed from earlier 

studies (Jiao, 2017; Jiao & Dillivan, 2013). This paper is organized as the following: We first 

explain the methods that we used to measure transit access in each city. We then test the 

relationship between transit access and socioeconomic status indicators. Finally, we discuss our 

findings from these 52 cities and their policy implications.  

Research Methods  

The methods presented here are developed from earlier methods (Jiao, 2017 and Jiao & Dillivan, 

2013). The term transit desert describes an area where transportation infrastructure demand 
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outstrips transportation related infrastructure supply. These are areas where transportation related 

infrastructure supply could potentially be improved or possibly need additional transportation 

infrastructure. The method presented here has been significantly improved from past transit desert 

studies. In the past transit deserts were simply considered to be areas with a ‘gap’ between 

transportation related infrastructure and demand (Jiao, 2017; Jiao & Dillivan, 2013). We refined 

the measurement of transit deserts and now can use our method to identify three different areas: 

transit deserts, adequately served areas, and transit oases areas.   

W use the following three-step method to assess the transportation gaps in each city. First, we 

calculate the transportation related infrastructure supply using publicly available Geographic 

Information Systems (GIS) data and GTFS (General Transit Feed Specification) data at the block 

group level. Then we calculate the transportation related infrastructure supply for each block group 

using American Community Survey Data 5-year data from 2011-2015. Finally, we subtract the 

transportation related infrastructure supply index score from the transportation related 

infrastructure demand index score to get the transportation related infrastructure gap index score. 

Depending on the transportation related infrastructure index score areas are then classified as 

transit deserts areas, transportation related infrastructure adequate areas, or transit oasis (in contrast 

to transit deserts). All index scores are calculated at the block groups level.  

We applied our methods to the 50 largest cities in the US. For some cities (e.g. Omaha) with 

inadequate or nonexistent GIS and/or GTFS data, we have to replace it with the next largest city. 

In most cities, we limited our study area to the city boundary. In some areas where they have 

overlapping transportation related infrastructure services and contiguous boundaries, to ensure a 

holistic measure of transportation related infrastructure service, we expanded the study areas to 

the overall region (e.g. Dallas Forth Worth, Phoenix area, Los Angeles etc). A full list of selected 

cites is presented in Appendix Table 1 A.   

Transportation Related infrastructure Supply, Demand, and Gap 

In this study, transportation related infrastructure Supply is calculated using publicly available GIS 

and GTFS data. The supply indicators varied slightly from city to city depending on the number 

of transportation related infrastructure services offered in the city. For each block group the 

following is a generic listing of the supply indicators used: 

 Street Length  
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 Sidewalk Length  

 Transit Route Length  

 Number of Transit Stops  

 Number of Street Intersections  

 Bike Lane Length  

 Total Trips Per Day Per Transit Stop 

 Average Trips Per Hour Per Transit Stop  

 Number of Transit Routes (Bus or Rail) 

Most of the GIS data need for the calculations was obtained from the studied municipalities. 

OpenStreetMap Data was also used as a supplementary GIS data source.  

Transportation related infrastructure demand is calculated from American Community Survey 5-

year estimate data from the years 2011-2015. We used the number of transit dependent persons 

per block group as a proxy for transportation related infrastructure demand. The following is the 

three-step process used for calculation (Steiss, 2006; Jiao & Dillivan, 2013; Jiao, 2017):  

1) Household drivers = (population age 16 and over) – (persons living in group quarters)  

2) Transit-dependent household population = (household drivers) – (vehicles available) * 

national level carpooling ratio  

3) Transit-dependent population = (transit-dependent household population) + (population 

ages 12–15) + (non-institutionalized population living in group quarters) 

First, the number household drivers are calculated by subtracting the number of people 16 years 

and older from the number of people living in group quarters. Group quarters are places such as 

nursing homes, prisons, university dorms, and rehabilitation facilities. Second, the number of 

household drivers is subtracted from the number of vehicles available. This number is then 

multiplied by the nation carpooling ratio which is 9% (Mckenzie, 2015). This nets out the number 

of people who may not own a car but are not necessarily transit dependent. Finally, the number of 

12 to 15 years old and the number of non-institutionalized persons in group quarters are added to 

the number of transit dependent people. The 12-15 year old are not legally able to drive, but are 

old enough to have transit needs and non-institutionalized people, those who live in college 

dormitories, military barracks, group home missions or shelters, are unlikely to be able to own cars 

and thus are transit dependent (US Census Bureau, 2018). This final number of transit dependent 
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persons is then divided by the number of acres in the block group to get the number of transit 

dependent persons per acre. This number is then z-scored to get a final transit demand index score.  

We calculate the transportation related infrastructure gap by subtracting the supply index z-score 

from the demand index z-score. The block groups are then classified into either transit desert areas, 

transit adequate areas, and transit oasis areas. Transit deserts areas are areas that have a 

transportation related infrastructure gap index score at least one standard deviation below the norm 

for that city. Transit adequate areas are block groups with a transportation related infrastructure 

gap index score between -1 and 1 standard deviation of the norm for the city. Transit oasis areas 

are block groups with at a transit gap index score at least 1 standard deviation above the norm for 

that city. Figure 1 showing the transit demand, supply and gap in Orlando, FL.  

 

Findings from 52 Major US Cities 

We then applied our methods to 52 major cities in the US. The complete set of maps has been 

published on the internet at www.transitdeserts.org. For the 42,778 block groups within these 52 

cities, 9116 or 21% of them are either transit deserts (gap of -1 standard deviation or less) or transit 

oases (gap of 1 standard deviation or greater). This indicates that the clear majority of block groups 

have an adequate transit supply and are neither underserved or overserved.   

On average 11% of block groups in each city were transit deserts and 6.6% of the population (4 

million) of the city lives in these areas. Of all the cities San Francisco has highest percentage of 

population (13.5%) living in transit deserts. It was followed by Sacramento (12.8%) and Orlando 

1 Transit Supply, Demand, and Gap in the City of Orlando, FL 

http://www.transitdeserts.org/
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(12.2%). Denver had the least percentage of population (1.52%) who lived in transit deserts areas, 

followed by Cleveland (1.96%). The Bay Area, had on average, the highest percentage of people 

in transit deserts (Figure 1A and 2A). 

Across all cities the spatial distribution of transit deserts did not show a clear pattern. The central 

business district for each city almost always is a transit oasis area. For example, the transit desert 

areas in Orlando have the Sunrail or I-Ride trolley service running through them. No other block 

groups have these transit services. Another example is in Seattle. Block groups that have ferry 

service are transit oases since no inland block groups have this type of extra transit service. This 

means that people living in transit oases have better access to more destinations via public transit 

than people living in merely transit adequate areas. Transit oases areas provide people with a wider 

variety of transit services to different areas in their cities.  

Comparison between transit desert and non-transit areas  

It is natural to ask the question of whether or not our methods actually identify areas with poorer 

transit infrastructure. It might be true that the methods developed here do not truly find areas that 

have poor transit infrastructure or that differences between transit deserts and non-transit deserts 

might be so small that they are insignificant. Thus, we used T-test to detect whether the identified 

transit desert areas in these 52 cities actually have worse transit infrastructure than non-transit 

deserts areas. The results of this analysis are displayed in Table 2.  

Table 2: Comparison of Transportation related infrastructure in Transit Desert and Non-Transit 

Desert Neighborhoods  

Variables  TD Non TD Significance 

Level (0.05) 

Mean Number of Intersections 25.48 41.77 * 

Mean Number of Transit Stops 3.46 5.43 * 

Mean Transit Route Length (Miles) 7.72 10.75 * 

Mean Street Length (Miles) 5.33 8.57 * 

Mean Bike Route Length (Miles) 1.97 1.65 
 

Mean Sidewalk Length (Miles) 4.87 6.68 * 

Mean Number of Transit Routes 2.85 4.07 * 
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Variables  TD Non TD Significance 

Level (0.05) 

Mean Number of Transit 

Trips/Hour 

6.76 11.10 * 

Mean Number of Transit Trips/Day 147.65 239.78 * 

 

 The second question that naturally arises is whether people in transit desert areas have 

worse transportation outcomes. In order to measure this, we used American Community Survey 

data circa 2015 to assess commute times between transit desert and non-transit desert areas and 

then used t-tests to check if the mean commute times between these areas are statistically 

significantly different. For the purposes of our analysis we divided commute times into three basic 

categories short commutes which ranged from 0 minutes to 29 minutes, medium commutes which 

were between 30 minutes and 59 minutes and long commuter which were one hour or longer.  The 

results of this analysis are displayed below in Table 3. We found that transit deserts neighborhoods 

on average have a significantly higher percentage of people who face medium length commutes. 

It makes sense that very long commutes are not statistically different as these are still relatively 

rare with only about 8% of workers having an hour plus commute (Copeland, 2013). The 

counterintuitive findings is that shorter commutes are not more common in non-transit desert areas. 

It might suggest that people in transit deserts are finding ways to cope with the lack of 

transportation infrastructure, which need further investigation to fully understand this finding 

(Table 3).  

We also investigated if people in transit deserts are using different types of infrastructure to get 

around. We used ACS 2015 data to compare mode choice in transit deserts and non-transit deserts. 

The results showed that there was a statistically significant difference between all modes of 

transportation in transit desert areas vs. Non transit deserts areas. In transit deserts more people 

used public transit, carpooled, or used some other means of transportation. In Non transit deserts 

areas we found that people drove alone more, worked at home more and were more likely to 

commute by walking or biking (Table 3). Transit deserts had more people that used public transit 

or carpooled which indicates that they face a mobility disadvantage or are mode constrained. The 

working from home findings is also informative here. According to a 2011 report on the state of 

teleworking in the United States most people who teleworked “earn over $65,000 a year, putting 
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them in the 80th percentile relative to the total workforce” and have at least a college degree (Lister 

& Tom, 2011). This would suggest that people in Non transit deserts areas, are somewhat more 

affluent than those in transit deserts areas. However, a note of caution must be exercised with this 

finding because a fair number of people who work from home are self-employed and do not follow 

the pattern of per se being more affluent (USBLS, 2009).    

Table 3 Commuting Patterns and Modes in Transit Deserts and Non-Transit Deserts 

Neighborhoods 

Variables  Transit 

Desert 

Non-Transit 

Desert 

Significance level 

(0.05) 

Short Commute 53.4 53.64 
 

Medium Commute 32.54 31.22 * 

Long Commute 10.35 10.63 
 

Public Transit 19.84 16.42 * 

Active Mode (Bike or 

Walk) 

5.45 7.82 * 

Drive Alone 56.79 63.64 * 

Carpooled 10.66 9.02 * 

Worked at Home 3.72 4.51 * 

All Other Modes 1.17 0.95 * 

 

Socioeconomic factors varied significantly between transit desert areas and non-transit desert 

areas. We used T-test to compare a variety of socio-economic factors between transit desert areas 

and non-transit desert areas (Table 4). We found that in general transit desert areas were 

statistically significantly smaller, denser in terms of population, slightly younger, poorer, and had 

more minorities than non-transit desert areas. It shows that transit deserts disproportionately effect 

certain subsets of the population. Thus, transit access is a matter of social equity as well as a matter 

of planning. 

Table 4 Socioeconomic Factor Comparison in Transit Deserts and Non-Transit Deserts 

Neighborhoods  
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Variables 
Transit 

Deserts 

Non-

Transit 

Deserts 

Significant ( α = 0.05) 

Acres 92.6 417.12 * 

Population 1875 1377 * 

Population Density (Per Sq. Mile) 42,526 15,707 * 

Median Age 32.4 37.5 * 

Percent White Population 51 56 * 

Percent Non-White Population 49 43 * 

Median Household Income in Dollar $46,259 $58,232 * 

Number of Super Commuters 23 18 * 

Housing Units 684 570 * 

Percent Owner Occupied Housing 

Units 
33% 46% * 

 

Discussion 

Our results show that all cities have areas where transportation related infrastructure service could 

be improved. Our analysis suggests that wealthier, less dense areas of most cities have better access 

to transportation. This makes intuitive sense for at least three reasons. First, wealthier people are 

more likely to own cars (Lescaroux, 2010) and in our model those with access to cars not counted 

as transit dependent population. Second, wealthier areas of cities may tend to have larger homes 

and thus be less dense in general. This would lead to a situation in which transportation related 

infrastructure demand is lower than in other areas of the cities. Finally, poorer areas may simply 

be underserved by transportation related infrastructure. However, previous studies do suggest that 

areas with lower income may have higher access to public transit (Welch, 2013).  

Based on these findings transit deserts are physically different places than non-transit deserts. 

People living in transit deserts have less access to transportation services of all kinds, not just 

public transit. Residents in transit deserts have less access to all forms of transit infrastructure 

measured except for bike lanes. It is difficult to ascertain why this might be, but since transit deserts 

tend to be in denser areas of cities, bike infrastructure might be more common in these areas.  
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Overall, however, residents in transit deserts indeed lived in different built environment than that 

of non-transit deserts neighborhoods. People who live in transit deserts clearly have less overall 

access to transportation. This suggests that our method for finding areas with transportation gaps 

is a valid one. 

A surprising aspect of our study is that cities with “good” public transit such as New York and San 

Francisco have a significant number of transit deserts. Transit deserts are not simply confined to 

cities that one might think of as having bad public transit. In many ways this make sense. It has 

been shown that transit supply also induces transit demand, that is if cities provide good 

transportation networks then people will both use these services more and be less auto dependent 

(Clark, Chatterje, Melia, 2016; Alam, Nixon, & Zhang, 2015). Our results seem to confirm this 

idea. Cities with better transportation networks create more demand for transportation. 

 Such a finding has important implications for planning. Currently, public transit ridership 

has been falling in nearly all cities across the US (Mallett, 2018). But our results confirm that the 

idea that policy makers have tools at their disposal to increase transit ridership as previous 

researchers have suggested (Alam et al., 2015). In our study cities with better public transit have, 

in general, have higher auto dependency rates and still have significant transit gaps. While this 

may appear to be a negative thing it also suggests that providing higher levels of service can 

significantly boost demand for public transit. Therefore, if transit planners wish to increase demand 

for their services they focus on providing high quality, reliable service that people want to use.  

We recognize that improving public transit service may be easier said than done and correcting 

this problem of transportation mismatch is difficult. For example, one study found significant 

disparities in travel times to mammography clinics in those who used public transportation vs 

private vehicles. The average travel time on public transit was 56 minutes whereas the average 

travel time by private vehicle was 8 mins. This suggests that even if public transit headways were 

decreased service to these clinics by public transit would still be poor. Another study conducted in 

Tel Aviv, a city with a very dense bus network, found that even under these conditions there exists 

significant gaps in public transit network and many areas of the city are not accessible without a 

car (Benenson, Martens, & Rofé, 2010) .  But small changes to service levels can help improve 

demand and planners need not seek perfection to begin making tweaks to their networks.   

Moreover, the entire burden of fixing transportation gaps should not be placed on public transit 

planning officials. Thus, it is highly unlikely that cities can solve the transit desert problem through 
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increased transit frequency alone, just like we cannot simply build out way of traffic. We suggest 

that cities approach the problem in a multi-faceted manner. First, there can be no doubt that better, 

more comprehensive planning and combine land use/transportation can help to alleviate some of 

the transit desert issues. Second, cities need to look to innovative means of providing people with 

transit access. A preliminary study conducted by the author suggests that shared mobility services 

like Uber, Lyft, bike-sharing services, and shared van pool services may help to alleviate some 

transit access issues. Third, cities need to utilize a wide array of tools like the one presented here 

to monitor transit access. As cities change over time there can be little doubt that transit need will 

shift as well. Through better detection and monitoring of transit issues cities can ensure better 

transit access.     

Limitations and Future Work 

Despite the great promise of this method it is also limited in some respects. First, it relies on 

publicly available GIS and GTFS data which is not always available. Better data sources could 

improve this method. Second, this method may show false positives in areas of extremely low 

population density and thus may have to be changed for usage outside of urban areas. Finally, this 

method cannot diagnose the exact causes of transit deserts. Further investigation is generally 

needed to understand the local issues associated with transit deserts.  

The authors of this paper plan to continue this work in a variety of ways. First and foremost, the 

data generated from this study will be used to attempt to understand the planning and policy causes 

of transit deserts. Second, this transit desert method will be applied to a variety city in other 

countries to compare the results to those of US cities. The spatial distribution of transit deserts 

may vary by country and this poorly understood currently.  

Finally, there is no single year age data or group quarters available at the block group level. Thus, 

this data is imputed from other ACS data sources. For example, ACS data only provides the total 

number of people living in group quarters at the block group level. To perform the calculations, 

the number of people living in institutionalized group quarters and non-institutionalized group 

quarters is also imputed from 2010 Census Data. This imputed data introduces some inaccuracy 

into  the calculations performed. The authors suspect that our method somewhat overestimates the 

transit dependent populations in certain areas because of this. In future studies we intend to develop 

methods to better impute the needed data.  
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Chapter 3: Dissemination of Transit Desert Information  

Website Creation 

One issue with publishing material in academic journals is that these journals are very niche 

products with relatively low readership. Additionally, many of these articles are kept behind 

expensive pay walls that impair access for the general public. Thus, we opted to disseminate our 

findings through alternative channels are well.  

 

Primarily we did this through the creation of a website www.transitdeserts.org. This website was 

created by Mr. Jianwei Chen and Mr. Chris Bischak under the direction of Dr. Junfeng Jiao. It uses 

the Google Maps API and Google Fusion tables to display the location of transit deserts in all 52 

cities. To date the website has been viewed more than 5000 times. Most of the audience for the 

website is located in the United States. But we have reached significant populations in China and 

Europe as well. Below in Figures 2 through 5 some screenshots of the website are displayed.  

 

 

 

2. Screenshot of www.transitdeserts.org 

 

 

http://www.transitdeserts.org/
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3 Transit Deserts in Austin, TX 

 

 

4 Transit Deserts in New York City 
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5 Transit Deserts in Chicago 

 

This website has received significant attention from various publication outlets including 

Smithsonian Magazine, The Chicago Tribune, LA Times, and The Conversation. This website has 

allowed us to disseminate our findings beyond traditional academic journals and reach a much 

wider audience than would otherwise be possible.  

 

Chapter 4: Implications for Megaregional Planning   

 

This chapter will discussion the implications of this project for mega-regional planning and 

practice. We first outline the state of research with regards to megaregions and transportation 

accessibility. We then discuss how this research could be applied to megaregions.  
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Megaregions are a relatively new unit of analysis for planning practice and research. According to 

Hagler (2009) a megaregion is an area where “Interlocking economic systems, shared natural 

resources and ecosystems, and common transportation systems link” population centers together 

(Hagler, n.d., p. 1). There are about 11 megaregions in the United States although the exact 

boundaries of these regions is a subject of some debate (Hagler, n.d.; “Megaregions - America 

2050,” n.d.).  

 

Megaregions represent an important new planning unit particularly for transportation. 

Transportation needs do not end at city, state, or even regional boundaries. People have travel 

demands that extend across urban centers and many of our transportation challenges “cannot be 

solved by actions taken solely at the city or metropolitan scale” (“Megaregions - America 2050,” 

n.d.). For example many people in the northeast corridor routinely travel between the major city 

centers of Boston, New York, Philadelphia, and Washington D.C. (“The Future of the Northeast 

Corridor,” n.d.).  By recognizing these megaregions as important planning units we can begin to 

reshape transportation infrastructures to better align with people’s real-life travel needs.   

 

Despite the great promise of megaregions as planning units, research into transportation flows at 

the megaregional scale is relatively nascent. This is due to the fact that megaregions as a planning 

concept are still an emerging concept and also because of the difficulty of modeling transportation 

at the megaregional scale. However, some studies have been done that attempt to look at 

transportation accessibility at the megaregional scale. Again, a full literature review of 

megaregional transportation research is beyond the scope of this report. But a brief literature 

review will provided the needed background for our study.  

 

Zhang et al. looked at how transportation can be better coordinated across the Texas Triangle 

megaregion. They found that megaregional planning has great potential to enhance mobility in 

Texas and move transportation infrastructure away from “environmentally sensitive areas” 

(Zhang, Steiner, & Butler, 2007, p. 32). However, the authors also found that megaregional 

transportation planning faces significant challenges (Zhang et al., 2007). Ross and Woo 

investigated megaregional mobility. They found that there is significant demand for better 

megaregional transportation networks. The authors suggest that the megaregion be adopted as the 
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best planning unit for the management of transportation infrastructure (Ross & Woo, 2011). 

Another study by Ge and Jian measured transportation accessibility at the county level in China. 

They found that rail investment has greatly improved megaregional mobility in China. But the 

benefits have not been evenly distributed, the coastal megaregions (e.g. Western Taiwan Straits, 

Yangtze, and Pearl River megaregions) have benefited the most from this investment.  

 

Within this context, this study specifically contributes to megaregional transportation research by 

providing a theoretical and methodological framework that can be used to assess transportation 

infrastructure demands. First and foremost, the methods developed in this study represent a 

significant step forward for transit desert research. Our refined methods have greatly improved the 

accuracy of transit desert detection, particularly because we now classify areas as either transit 

deserts, adequately served areas, and transit oases areas.  

 

Second, these methods can be easily extended to megaregional areas and serve as a valuable tool 

for megaregional transportation planning. Kim et al. outlies how transit desert methods can be 

applied to areas outside of cities. This suggests that the concept of transit deserts, as a planning 

tool, is a valid one. By taking the methods developed here and extending them to megaregional 

areas transportation access can be better assessed at the megaregional scale. This is a significant a 

contribution because much of the research on megaregional transportation has focused on freight 

mobility or larger infrastructure planning (e.g. highspeed rail). Our method does not focus these 

types of transportation. Rather our methods are designed to analyze transportation access at a 

holistic level.  

 

Finally, our methods clearly show that all cities across the United States have issue meeting travel 

demand. This implies that cities all have common problems that need to be solved. By working 

together at larger units these challenges can begin to be address not just in one city, but in many 

cities. This approach has already begun to show promise. For example, in the Northeast 

megaregion officials from various public transit agencies are working to make it possible to travel 

from DC to Philadelphia entirely by public transport (exclusive of Amtrak) (“What If You Could 

Get from Philly to D.C. on Public Transit?,” 2015). This shows that a megaregional approach to 
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transportation planning can benefit many cities across a larger area. New forms of thinking like 

this are needed to solve the complex issue of transit deserts. 

 

Appendix 

Table 1A Transit Deserts Calculation Results in the 52 Major US cities  

City Name Average of Supply 

Zscore 

Average Demand 

Zscore 

Average Gap Zscore 

Albuquerque -0.001 0.004 -0.005 

Atlanta 0.000 0.003 -0.003 

Austin -0.001 0.003 -0.004 

Baltimore -0.002 0.004 -0.006 

Bay Area 0.008 -0.026 0.034 

Boston 0.005 0.002 0.002 

Buffalo 0.016 0.004 0.012 

Charlotte 0.003 0.000 0.003 

Chicago 0.000 0.001 0.000 

Cincinnati 0.011 0.003 0.008 

Cleveland 0.001 0.001 0.000 

Colorado Springs 0.007 0.000 0.006 

Columbus 0.001 -0.004 0.006 

Denver 0.003 0.004 -0.002 

Detroit 0.000 -0.013 0.013 

DFW-Arlington -0.017 0.010 -0.027 

El Paso 0.003 0.003 0.000 

Fresno 0.010 0.015 -0.005 

Honolulu 0.002 0.006 -0.003 

Houston 0.002 0.000 0.001 

Indianapolis -0.003 -0.004 0.000 

Kansas City 0.006 0.005 0.001 
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City Name Average of Supply 

Zscore 

Average Demand 

Zscore 

Average Gap Zscore 

Las Vegas-

Paradise 

-0.002 -0.005 0.003 

Los Angeles 

County 

0.001 0.001 0.000 

Louisville 0.010 0.007 0.003 

Miami -0.003 0.013 -0.016 

Milwaukee -0.001 -0.002 0.001 

Nashville 0.001 0.003 -0.002 

New Orleans 0.003 0.005 -0.001 

New York City 0.000 0.000 0.000 

Oklahoma City 0.000 0.000 -0.001 

Orlando -0.025 -0.020 -0.005 

Philadelphia 0.001 0.000 0.000 

Phoenix-Tempe-

Mesa 

-0.001 -0.001 -0.001 

Pittsburgh 0.000 0.000 0.000 

Portland 0.001 -0.004 0.005 

Raleigh-Durham 0.005 0.005 0.000 

Sacramento -0.030 0.001 -0.031 

San Antonio 0.001 -0.001 0.002 

San Diego 0.094 0.070 0.024 

Seattle 0.002 0.000 0.002 

St. Louis 0.009 0.003 0.006 

Tucson 0.003 -0.008 0.011 

Twin Cities -0.001 0.000 -0.001 

Washington DC 0.000 -0.001 0.001 

Wichita 0.003 0.002 0.001 
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Figure 1A Percentage of Population Living in Transit Deserts in these 52 Major Cities  
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Figure 2A Percentage of Blocks Groups Identified as Transit Deserts in these 52 Major Cities  
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	Executive Summary  
	Transit deserts are urban areas with poor transportation related infrastructure access. In these areas, transit demands usually exceed transit supplies. In this CM2 project we refined the concept of transit deserts further and introduce the new concept of transit oases and transit adequate areas. We then applied our methods to 52 US cities. We found that all cities have issues with transit deserts. Central Business Districts are almost all transit oases. The methods presented here can be applied to almost a
	  
	Chapter 1. Introduction  
	Overview and Objectives  
	This report is the result of two years of work, assessing transportation infrastructure gaps in 52 cities in the United States. This work has resulted in the creation of the website 
	This report is the result of two years of work, assessing transportation infrastructure gaps in 52 cities in the United States. This work has resulted in the creation of the website 
	www.transitdeserts.org
	www.transitdeserts.org

	 and the submission of a paper to the Journal of the American Planning Association (JAPA). This work has also generated extensive press coverage including articles in the Chicago Tribune, Los Angeles Times, Smithsonian Magazine, and The Conversation. This report details the work, the methods used, the results, and the implications of our findings for urban planning and policy.  

	 
	This chapter situates our research in the broader context of transportation planning. First, we discuss the importance of adequate transportation for well-being and health. Then we establish the validity of transit desert research methods and discuss current research into transit deserts. Finally, we provide a broad overview of the methods used.   
	 
	Background  
	Transportation, at its core, is about empowering people to live their best lives. Without adequate transportation access people are worse off economically, are less healthy, are less socially connected, and have less fulfilling lives. For example, one study found that people with steady access to transportation have a higher degree of life satisfaction (Cutler, 1975).  Another study found that those with less access to transportation are less healthy due to worse access to healthcare (Syed, Gerber, & Sharp,
	 
	Despite the clear importance of good transportation access, adequate access is not guaranteed. Many areas in cities are underserved by transportation of all kinds. The Center for Neighborhood Technology found that 43% of households in Miami-Dade County, Florida were underserved by 
	public transit (“A Brief Walkthrough of our Transit Gap Tool | AllTransit,” n.d.). Additionally, prior transit desert studies have found significant areas of cities that are underserved by transportation networks (Jiao, 2017). Other studies have demonstrated that certain areas of cities have less access to bicycle networks (Tucker & Manaugh, 2018).  
	 
	Given the fact that transportation access is critical for the health and wellbeing of citizens and the fact that certain areas of cities are underserved by transportation, providing adequate service to underserved areas should be a top priority for policy makers. This problem might seem difficult at first, but planners and policy makers have the tools at their disposal to begin to close the gaps.  This might be done through a variety of policy measures including better transportation planning, more funding 
	 
	Even though there are a number of potential approaches that might begin to close these transportation gaps, information about where these gaps occur is often lacking. Identifying areas where more transportation is needed can be time consuming and difficult especially if advanced modeling techniques are used. To help to solve this problem we refined a transportation gap detection method first developed by Jiao and Dillivan in 2013 (Jiao & Dillivan, 2013). This method provides a robust method to better identi
	 
	Transit Desert Literature Review 
	 
	The transit desert concept is situated within a broader body literature that focuses on transportation gaps and transportation accessibility. A robust discussion of the literature on both transportation gaps and transportation accessibility is beyond the scope of this report. But the following paragraphs will provide a brief overview of the state-of-the-art in regard to both concepts.  
	 
	Several studies have focused on assessing transportation gaps in various contexts. Mamun and Lowes looked at the gap between accessibility of public transit and the need for public transit in Meriden, Connecticut. They first assess the intensity of public transit in a given area and then assessed the need for public transit in area using the Census Transportation Planning Package 2000 Database (Mamun & Lownes, 2011). This study found consistently high unmet transit needs across the city (Mamun & Lownes, 201
	 
	A robust body literature exists with regards to transportation accessibility and providing an extensive review of all this literature is well beyond the scope of this project. Therefore this section will focus on literature reviews and meta-studies of transportation accessibility which provide good overviews of transportation accessibility scholarship.   
	 
	 Much of this literature focuses either on developing methods to measure accessibility or assessing what good accessibility looks like from a more philosophical perspective. Paez et al. looked at various implementations of the concept of accessibility. They found that accessibility is typically defined using some combination of “the cost of travel (determined by the spatial distribution of travelers and opportunities) and the quality/quantity of opportunities” (Páez, Scott, & Morency, 2012, p. 142). They fo
	the best overview of how accessible an area is (Páez et al., 2012). Another study conducted by Saif et al. provides a general overview of the literature on public transit accessibility to date. They found that accessibility measures are usually either place based or person based (Saif, Zefreh, & Torok, 2018, p. 5). Finally, another literature review focused on the efficiency of various accessibility measures and found that there is no single, best measure. Instead the best measure depends on the resources a
	 
	Specifically, transit deserts are a concept that evolved from earlier work on food deserts by Dr. Junfeng Jiao (Jiao & Dillivan, 2013). The idea is that, just as certain areas in cities do not have adequate access to food, some area do not have sufficient access to transportation. However, food access and transportation access not total analogues. Measuring food access, while complex, is not as complex as measuring transportation access. By accounting for both spatial and economic factors, food access can b
	 
	In order to fill this knowledge gap Dr. Junfeng Jiao first developed the concept of transit deserts in 2013. A transit desert is an area where transportation supply exceeds demand and thus a ‘gap’ exists between what the quantified demand for transportation is and what the transportation supply actually is. As mentioned, this method was initially developed by Junfeng Jiao in 2013, but since that time the method has evolved in several ways. First, Jiao further refined the method in 2017 to look at cities in 
	for transportation infrastructure. Jiao found that all major cities in Texas had transit deserts with San Antonio and Houston being the cities with the highest number of transit deserts.  
	 
	Kim et al. took the transit desert concept further. In this study, instead of using the block group as the unit of analysis, Kim et al. used a series of buffers around transit stops as their unit of analysis (Kim, Hall, & Drive, 2019). They also gave different weights to different transportation modes. In this study Kim et al. that several high demand areas did not have good access to transportation service, creating transit deserts (Kim et al., 2019). A final study looked at transit deserts in Baltimore, M
	 
	All of these prior studies have the same general limitations, however. First all of the prior transit deserts did not account for all the of transportation modes in a given city. Prior studies have mostly used the primary public transportation network and not accounted for other, secondary public transportation services. Second, and maybe most importantly, all prior studies have been relatively small in terms of scope. For example, Jiao and Dillivan (2013) studied four cities and Kim et al. looked at a smal
	 
	To correct some these limitations, we applied a refined transit desert method to 52 US cities. We made three key innovations in this project. First, this is the largest study of transit deserts to date. This provides more information than ever before on the nature and distribution of transit deserts in the United States. Second, we accounted for more transportation modes than in previous studies We developed better methods to measure sidewalks which were previously underrepresented. We also accounted for mo
	 
	 
	Chapter 2. Transit Deserts USA: Lessons from 52 Cities  
	 
	Junfeng Jiao and Chris Bischak 
	Please Note: This paper is being submitted for review to the Journal of XYZ.  
	Problem, Research Strategy, and Findings: 
	Transportation is one of the most critical services that cities provide. It allows people to access jobs, recreational opportunities, healthy food and more. Good urban planning is essential to creating a cohesive and efficient transportation network. However, traditional urban planners often lack appropriate tools to assess transportation service in their city independent of specialized transportation engineers. Moreover, regular transportation planning methods may not take a holistic look at existing netwo
	Transportation is one of the most critical services that cities provide. It allows people to access jobs, recreational opportunities, healthy food and more. Good urban planning is essential to creating a cohesive and efficient transportation network. However, traditional urban planners often lack appropriate tools to assess transportation service in their city independent of specialized transportation engineers. Moreover, regular transportation planning methods may not take a holistic look at existing netwo
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	.  

	Takeaway for Practice: 
	Enhancing urban mobility through tighter integration of multimodal transportation networks is a critical challenge for urban planners in the 21st Century. New tools such as the one presented here can be used to fill critical information gaps that currently exist. Using methods such as these as a starting point to assess transportation related infrastructure access can enable practitioners to better identify gaps in each city.  
	Keywords: Transit Deserts, Transit Dependent Population, Urban Mobility 
	About Authors: Junfeng Jiao (jjiao@austin.utexas.edu) is an assistant professor at the University of Texas at Austin and the director of the Urban Information Lab. Chris Bischak is a graduate research assistant in the Urban Information Lab.  
	  
	Introduction 
	Transportation, in many ways, is the life blood of cities. It allows people to access jobs, recreational opportunities, healthy food, and much more. Good transportation networks make people’s lives easier by allowing them efficiently to reach a variety of destinations with ease. But traditional transportation planning has often fallen short in at least three key respects. First, and most importantly is transportation planning often adopts a  “unimodal perspective…as opposed to the often more fruitful interm
	New tools are needed that allow urban planners to quickly assess what areas of a city may be underserved by existing transportation networks. These tools should account for the wide-range of transportation modes that urban residents might avail themselves of including driving, public transit, walking, and biking. This is especially important as there is an increasing recognition that transportation planning must be a comprehensive effort that integrates all forms of planning (Marshment, 1999). In this paper
	Our sketch planning tool relies on publicly available census data and GIS data to map out the relative transportation related infrastructure demand and supply in a city, then identify the gaps between the supply and demand. It identifies areas that have large gaps between demand for transportation and transportation related infrastructure which are termed ‘transit deserts.’ Additionally, in this paper, we further develop the concept and introduce a new a new term ‘transit oases’, to contrast with the concep
	 
	We applied our planning method to 52 major United States cities. We found that every city had areas where transportation related infrastructure demand supply exceeded demand and where demand exceeded supply. The geographic distribution of the transit underservice was geographically uneven, whereas transit over service tended to cluster in the Central Business Districts of cities. Finally, we found that the populations living in transit deserts tend to be of lower socioeconomic status, younger, and less whit
	Background 
	Transportation serves as a critical lifeline for nearly everyone that lives in a city. In theory a person could get by with almost no access to transportation except walking if everything they needed was in their neighborhood. But many US cities are not particularly walkable especially when compared to their European and Asian counterparts (Adams et al., 2014) .  For example, in 2017 the United States Department of Health released its  Report Card on Walking and Walkable Communities and found that “Only 32 
	Because of the immense importance of transportation much effort has been dedicated to the modeling of transportation systems. These methods have evolved from fairly simple ones to the exceedingly complex methods used today (Bandara & Wong, 2005; Chen & Kasikitwiwat, 2011; Karlaftis & Vlahogianni, 2011; Marshment, 1999;  Xiao, Yang, & Ye, 2016; Yang, Bell, & Meng, 2000; Zhong & Young, 2010). The advantage of using such sophisticated models is that transportation modeling has become appreciably more accurate 
	 
	The other issue that arises from the complexity of these methods is that other planning professionals, who might play a key role in transportation planning projects, may not be able to understand the results in a meaningful way or cannot conduct such modeling themselves if the need arises.  
	Increasingly urban planners are working both with engineers and the public to address transportation issues (Litman, 2013; Meyer, 2000). However, urban planners and the public cannot meaningful participate in the planning process if they do not have access to quality and easy to understand information (Zhong, Young, Lowry, & Rutherford, 2008). Such difficulties have led some to seek new planning tools and methods so that transportation supply can be optimally matched with transportation demand (Bertolini, C
	Perhaps more important than the issues associated with complex transportation planning demands is the fact that these methods fail to account for all the various ways that residents can get around an urban area and transportation planning typically has a unimodal focus (Marshment, 1999). Litman further argued that “Conventional [transportation] decision-making is reductionist; each problem is assigned to a different person or agency…[this] approach tends to be ineffective at solving complex problems with in
	 To better measure and understand the transportation related infrastructure in 52 major US cities, we conducted a transit access analysis using a GIS based methods developed from earlier studies (Jiao, 2017; Jiao & Dillivan, 2013). This paper is organized as the following: We first explain the methods that we used to measure transit access in each city. We then test the relationship between transit access and socioeconomic status indicators. Finally, we discuss our findings from these 52 cities and their po
	Research Methods  
	The methods presented here are developed from earlier methods (Jiao, 2017 and Jiao & Dillivan, 2013). The term transit desert describes an area where transportation infrastructure demand 
	outstrips transportation related infrastructure supply. These are areas where transportation related infrastructure supply could potentially be improved or possibly need additional transportation infrastructure. The method presented here has been significantly improved from past transit desert studies. In the past transit deserts were simply considered to be areas with a ‘gap’ between transportation related infrastructure and demand (Jiao, 2017; Jiao & Dillivan, 2013). We refined the measurement of transit 
	W use the following three-step method to assess the transportation gaps in each city. First, we calculate the transportation related infrastructure supply using publicly available Geographic Information Systems (GIS) data and GTFS (General Transit Feed Specification) data at the block group level. Then we calculate the transportation related infrastructure supply for each block group using American Community Survey Data 5-year data from 2011-2015. Finally, we subtract the transportation related infrastructu
	We applied our methods to the 50 largest cities in the US. For some cities (e.g. Omaha) with inadequate or nonexistent GIS and/or GTFS data, we have to replace it with the next largest city. In most cities, we limited our study area to the city boundary. In some areas where they have overlapping transportation related infrastructure services and contiguous boundaries, to ensure a holistic measure of transportation related infrastructure service, we expanded the study areas to the overall region (e.g. Dallas
	Transportation Related infrastructure Supply, Demand, and Gap 
	In this study, transportation related infrastructure Supply is calculated using publicly available GIS and GTFS data. The supply indicators varied slightly from city to city depending on the number of transportation related infrastructure services offered in the city. For each block group the following is a generic listing of the supply indicators used: 
	 Street Length  
	 Street Length  
	 Street Length  


	 Sidewalk Length  
	 Sidewalk Length  
	 Sidewalk Length  

	 Transit Route Length  
	 Transit Route Length  

	 Number of Transit Stops  
	 Number of Transit Stops  

	 Number of Street Intersections  
	 Number of Street Intersections  

	 Bike Lane Length  
	 Bike Lane Length  

	 Total Trips Per Day Per Transit Stop 
	 Total Trips Per Day Per Transit Stop 

	 Average Trips Per Hour Per Transit Stop  
	 Average Trips Per Hour Per Transit Stop  

	 Number of Transit Routes (Bus or Rail) 
	 Number of Transit Routes (Bus or Rail) 


	Most of the GIS data need for the calculations was obtained from the studied municipalities. OpenStreetMap Data was also used as a supplementary GIS data source.  
	Transportation related infrastructure demand is calculated from American Community Survey 5-year estimate data from the years 2011-2015. We used the number of transit dependent persons per block group as a proxy for transportation related infrastructure demand. The following is the three-step process used for calculation (Steiss, 2006; Jiao & Dillivan, 2013; Jiao, 2017):  
	1) Household drivers = (population age 16 and over) – (persons living in group quarters)  
	1) Household drivers = (population age 16 and over) – (persons living in group quarters)  
	1) Household drivers = (population age 16 and over) – (persons living in group quarters)  

	2) Transit-dependent household population = (household drivers) – (vehicles available) * national level carpooling ratio  
	2) Transit-dependent household population = (household drivers) – (vehicles available) * national level carpooling ratio  

	3) Transit-dependent population = (transit-dependent household population) + (population ages 12–15) + (non-institutionalized population living in group quarters) 
	3) Transit-dependent population = (transit-dependent household population) + (population ages 12–15) + (non-institutionalized population living in group quarters) 


	First, the number household drivers are calculated by subtracting the number of people 16 years and older from the number of people living in group quarters. Group quarters are places such as nursing homes, prisons, university dorms, and rehabilitation facilities. Second, the number of household drivers is subtracted from the number of vehicles available. This number is then multiplied by the nation carpooling ratio which is 9% (Mckenzie, 2015). This nets out the number of people who may not own a car but a
	persons is then divided by the number of acres in the block group to get the number of transit dependent persons per acre. This number is then z-scored to get a final transit demand index score.  
	We calculate the transportation related infrastructure gap by subtracting the supply index z-score from the demand index z-score. The block groups are then classified into either transit desert areas, transit adequate areas, and transit oasis areas. Transit deserts areas are areas that have a transportation related infrastructure gap index score at least one standard deviation below the norm for that city. Transit adequate areas are block groups with a transportation related infrastructure gap index score b
	 
	1 Transit Supply, Demand, and Gap in the City of Orlando, FL 
	1 Transit Supply, Demand, and Gap in the City of Orlando, FL 

	Figure
	Figure
	Figure
	Findings from 52 Major US Cities 
	We then applied our methods to 52 major cities in the US. The complete set of maps has been published on the internet at 
	We then applied our methods to 52 major cities in the US. The complete set of maps has been published on the internet at 
	www.transitdeserts.org
	www.transitdeserts.org

	. For the 42,778 block groups within these 52 cities, 9116 or 21% of them are either transit deserts (gap of -1 standard deviation or less) or transit oases (gap of 1 standard deviation or greater). This indicates that the clear majority of block groups have an adequate transit supply and are neither underserved or overserved.   

	On average 11% of block groups in each city were transit deserts and 6.6% of the population (4 million) of the city lives in these areas. Of all the cities San Francisco has highest percentage of population (13.5%) living in transit deserts. It was followed by Sacramento (12.8%) and Orlando 
	(12.2%). Denver had the least percentage of population (1.52%) who lived in transit deserts areas, followed by Cleveland (1.96%). The Bay Area, had on average, the highest percentage of people in transit deserts (Figure 1A and 2A). 
	Across all cities the spatial distribution of transit deserts did not show a clear pattern. The central business district for each city almost always is a transit oasis area. For example, the transit desert areas in Orlando have the Sunrail or I-Ride trolley service running through them. No other block groups have these transit services. Another example is in Seattle. Block groups that have ferry service are transit oases since no inland block groups have this type of extra transit service. This means that 
	Comparison between transit desert and non-transit areas  
	It is natural to ask the question of whether or not our methods actually identify areas with poorer transit infrastructure. It might be true that the methods developed here do not truly find areas that have poor transit infrastructure or that differences between transit deserts and non-transit deserts might be so small that they are insignificant. Thus, we used T-test to detect whether the identified transit desert areas in these 52 cities actually have worse transit infrastructure than non-transit deserts 
	Table 2: Comparison of Transportation related infrastructure in Transit Desert and Non-Transit Desert Neighborhoods  
	Table
	TBody
	TR
	Span
	Variables  
	Variables  

	TD 
	TD 

	Non TD 
	Non TD 

	Significance 
	Significance 
	Level (0.05) 


	TR
	Span
	Mean Number of Intersections 
	Mean Number of Intersections 

	25.48 
	25.48 

	41.77 
	41.77 

	* 
	* 


	TR
	Span
	Mean Number of Transit Stops 
	Mean Number of Transit Stops 

	3.46 
	3.46 

	5.43 
	5.43 

	* 
	* 


	TR
	Span
	Mean Transit Route Length (Miles) 
	Mean Transit Route Length (Miles) 

	7.72 
	7.72 

	10.75 
	10.75 

	* 
	* 


	TR
	Span
	Mean Street Length (Miles) 
	Mean Street Length (Miles) 

	5.33 
	5.33 

	8.57 
	8.57 

	* 
	* 


	TR
	Span
	Mean Bike Route Length (Miles) 
	Mean Bike Route Length (Miles) 

	1.97 
	1.97 

	1.65 
	1.65 

	 
	 


	TR
	Span
	Mean Sidewalk Length (Miles) 
	Mean Sidewalk Length (Miles) 

	4.87 
	4.87 

	6.68 
	6.68 

	* 
	* 


	TR
	Span
	Mean Number of Transit Routes 
	Mean Number of Transit Routes 

	2.85 
	2.85 

	4.07 
	4.07 

	* 
	* 




	Table
	TBody
	TR
	Span
	Variables  
	Variables  

	TD 
	TD 

	Non TD 
	Non TD 

	Significance 
	Significance 
	Level (0.05) 


	TR
	Span
	Mean Number of Transit Trips/Hour 
	Mean Number of Transit Trips/Hour 

	6.76 
	6.76 

	11.10 
	11.10 

	* 
	* 


	TR
	Span
	Mean Number of Transit Trips/Day 
	Mean Number of Transit Trips/Day 

	147.65 
	147.65 

	239.78 
	239.78 

	* 
	* 




	 
	 The second question that naturally arises is whether people in transit desert areas have worse transportation outcomes. In order to measure this, we used American Community Survey data circa 2015 to assess commute times between transit desert and non-transit desert areas and then used t-tests to check if the mean commute times between these areas are statistically significantly different. For the purposes of our analysis we divided commute times into three basic categories short commutes which ranged from 
	We also investigated if people in transit deserts are using different types of infrastructure to get around. We used ACS 2015 data to compare mode choice in transit deserts and non-transit deserts. The results showed that there was a statistically significant difference between all modes of transportation in transit desert areas vs. Non transit deserts areas. In transit deserts more people used public transit, carpooled, or used some other means of transportation. In Non transit deserts areas we found that 
	them in the 80th percentile relative to the total workforce” and have at least a college degree (Lister & Tom, 2011). This would suggest that people in Non transit deserts areas, are somewhat more affluent than those in transit deserts areas. However, a note of caution must be exercised with this finding because a fair number of people who work from home are self-employed and do not follow the pattern of per se being more affluent (USBLS, 2009).    
	Table 3 Commuting Patterns and Modes in Transit Deserts and Non-Transit Deserts Neighborhoods 
	Table
	TBody
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	Variables  
	Variables  

	Transit Desert 
	Transit Desert 

	Non-Transit Desert 
	Non-Transit Desert 

	Significance level (0.05) 
	Significance level (0.05) 


	TR
	Span
	Short Commute 
	Short Commute 

	53.4 
	53.4 

	53.64 
	53.64 

	 
	 


	TR
	Span
	Medium Commute 
	Medium Commute 

	32.54 
	32.54 

	31.22 
	31.22 

	* 
	* 


	TR
	Span
	Long Commute 
	Long Commute 

	10.35 
	10.35 

	10.63 
	10.63 

	 
	 


	TR
	Span
	Public Transit 
	Public Transit 

	19.84 
	19.84 

	16.42 
	16.42 

	* 
	* 


	TR
	Span
	Active Mode (Bike or Walk) 
	Active Mode (Bike or Walk) 

	5.45 
	5.45 

	7.82 
	7.82 

	* 
	* 


	TR
	Span
	Drive Alone 
	Drive Alone 

	56.79 
	56.79 

	63.64 
	63.64 

	* 
	* 


	TR
	Span
	Carpooled 
	Carpooled 

	10.66 
	10.66 

	9.02 
	9.02 

	* 
	* 


	TR
	Span
	Worked at Home 
	Worked at Home 

	3.72 
	3.72 

	4.51 
	4.51 

	* 
	* 


	TR
	Span
	All Other Modes 
	All Other Modes 

	1.17 
	1.17 

	0.95 
	0.95 

	* 
	* 




	 
	Socioeconomic factors varied significantly between transit desert areas and non-transit desert areas. We used T-test to compare a variety of socio-economic factors between transit desert areas and non-transit desert areas (Table 4). We found that in general transit desert areas were statistically significantly smaller, denser in terms of population, slightly younger, poorer, and had more minorities than non-transit desert areas. It shows that transit deserts disproportionately effect certain subsets of the 
	Table 4 Socioeconomic Factor Comparison in Transit Deserts and Non-Transit Deserts Neighborhoods  
	Table
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	Variables 
	Variables 

	Transit Deserts 
	Transit Deserts 

	Non-Transit Deserts 
	Non-Transit Deserts 

	Significant ( α = 0.05) 
	Significant ( α = 0.05) 


	TR
	Span
	Acres 
	Acres 

	92.6 
	92.6 

	417.12 
	417.12 

	* 
	* 


	TR
	Span
	Population 
	Population 

	1875 
	1875 

	1377 
	1377 

	* 
	* 


	TR
	Span
	Population Density (Per Sq. Mile) 
	Population Density (Per Sq. Mile) 

	42,526 
	42,526 

	15,707 
	15,707 

	* 
	* 


	TR
	Span
	Median Age 
	Median Age 

	32.4 
	32.4 

	37.5 
	37.5 

	* 
	* 


	TR
	Span
	Percent White Population 
	Percent White Population 

	51 
	51 

	56 
	56 

	* 
	* 


	TR
	Span
	Percent Non-White Population 
	Percent Non-White Population 

	49 
	49 

	43 
	43 

	* 
	* 


	TR
	Span
	Median Household Income in Dollar 
	Median Household Income in Dollar 

	$46,259 
	$46,259 

	$58,232 
	$58,232 

	* 
	* 


	TR
	Span
	Number of Super Commuters 
	Number of Super Commuters 

	23 
	23 

	18 
	18 

	* 
	* 


	TR
	Span
	Housing Units 
	Housing Units 

	684 
	684 

	570 
	570 

	* 
	* 


	TR
	Span
	Percent Owner Occupied Housing Units 
	Percent Owner Occupied Housing Units 

	33% 
	33% 

	46% 
	46% 

	* 
	* 




	 
	Discussion 
	Our results show that all cities have areas where transportation related infrastructure service could be improved. Our analysis suggests that wealthier, less dense areas of most cities have better access to transportation. This makes intuitive sense for at least three reasons. First, wealthier people are more likely to own cars (Lescaroux, 2010) and in our model those with access to cars not counted as transit dependent population. Second, wealthier areas of cities may tend to have larger homes and thus be 
	Based on these findings transit deserts are physically different places than non-transit deserts. People living in transit deserts have less access to transportation services of all kinds, not just public transit. Residents in transit deserts have less access to all forms of transit infrastructure measured except for bike lanes. It is difficult to ascertain why this might be, but since transit deserts tend to be in denser areas of cities, bike infrastructure might be more common in these areas.  
	Overall, however, residents in transit deserts indeed lived in different built environment than that of non-transit deserts neighborhoods. People who live in transit deserts clearly have less overall access to transportation. This suggests that our method for finding areas with transportation gaps is a valid one. 
	A surprising aspect of our study is that cities with “good” public transit such as New York and San Francisco have a significant number of transit deserts. Transit deserts are not simply confined to cities that one might think of as having bad public transit. In many ways this make sense. It has been shown that transit supply also induces transit demand, that is if cities provide good transportation networks then people will both use these services more and be less auto dependent (Clark, Chatterje, Melia, 2
	 Such a finding has important implications for planning. Currently, public transit ridership has been falling in nearly all cities across the US (Mallett, 2018). But our results confirm that the idea that policy makers have tools at their disposal to increase transit ridership as previous researchers have suggested (Alam et al., 2015). In our study cities with better public transit have, in general, have higher auto dependency rates and still have significant transit gaps. While this may appear to be a nega
	We recognize that improving public transit service may be easier said than done and correcting this problem of transportation mismatch is difficult. For example, one study found significant disparities in travel times to mammography clinics in those who used public transportation vs private vehicles. The average travel time on public transit was 56 minutes whereas the average travel time by private vehicle was 8 mins. This suggests that even if public transit headways were decreased service to these clinics
	Moreover, the entire burden of fixing transportation gaps should not be placed on public transit planning officials. Thus, it is highly unlikely that cities can solve the transit desert problem through 
	increased transit frequency alone, just like we cannot simply build out way of traffic. We suggest that cities approach the problem in a multi-faceted manner. First, there can be no doubt that better, more comprehensive planning and combine land use/transportation can help to alleviate some of the transit desert issues. Second, cities need to look to innovative means of providing people with transit access. A preliminary study conducted by the author suggests that shared mobility services like Uber, Lyft, b
	Limitations and Future Work 
	Despite the great promise of this method it is also limited in some respects. First, it relies on publicly available GIS and GTFS data which is not always available. Better data sources could improve this method. Second, this method may show false positives in areas of extremely low population density and thus may have to be changed for usage outside of urban areas. Finally, this method cannot diagnose the exact causes of transit deserts. Further investigation is generally needed to understand the local iss
	The authors of this paper plan to continue this work in a variety of ways. First and foremost, the data generated from this study will be used to attempt to understand the planning and policy causes of transit deserts. Second, this transit desert method will be applied to a variety city in other countries to compare the results to those of US cities. The spatial distribution of transit deserts may vary by country and this poorly understood currently.  
	Finally, there is no single year age data or group quarters available at the block group level. Thus, this data is imputed from other ACS data sources. For example, ACS data only provides the total number of people living in group quarters at the block group level. To perform the calculations, the number of people living in institutionalized group quarters and non-institutionalized group quarters is also imputed from 2010 Census Data. This imputed data introduces some inaccuracy into  the calculations perfo
	Chapter 3: Dissemination of Transit Desert Information  
	Website Creation 
	One issue with publishing material in academic journals is that these journals are very niche products with relatively low readership. Additionally, many of these articles are kept behind expensive pay walls that impair access for the general public. Thus, we opted to disseminate our findings through alternative channels are well.  
	 
	Primarily we did this through the creation of a website 
	Primarily we did this through the creation of a website 
	www.transitdeserts.org
	www.transitdeserts.org

	. This website was created by Mr. Jianwei Chen and Mr. Chris Bischak under the direction of Dr. Junfeng Jiao. It uses the Google Maps API and Google Fusion tables to display the location of transit deserts in all 52 cities. To date the website has been viewed more than 5000 times. Most of the audience for the website is located in the United States. But we have reached significant populations in China and Europe as well. Below in Figures 2 through 5 some screenshots of the website are displayed.  

	 
	 
	 
	Figure
	2. Screenshot of www.transitdeserts.org 
	 
	 
	 
	Figure
	3 Transit Deserts in Austin, TX 
	 
	 
	Figure
	4 Transit Deserts in New York City 
	 
	 
	 
	 
	Figure
	5 Transit Deserts in Chicago 
	 
	This website has received significant attention from various publication outlets including Smithsonian Magazine, The Chicago Tribune, LA Times, and The Conversation. This website has allowed us to disseminate our findings beyond traditional academic journals and reach a much wider audience than would otherwise be possible.  
	 
	Chapter 4: Implications for Megaregional Planning   
	 
	This chapter will discussion the implications of this project for mega-regional planning and practice. We first outline the state of research with regards to megaregions and transportation accessibility. We then discuss how this research could be applied to megaregions.  
	 
	Megaregions are a relatively new unit of analysis for planning practice and research. According to Hagler (2009) a megaregion is an area where “Interlocking economic systems, shared natural 
	resources and ecosystems, and common transportation systems link” population centers together (Hagler, n.d., p. 1). There are about 11 megaregions in the United States although the exact boundaries of these regions is a subject of some debate (Hagler, n.d.; “Megaregions - America 2050,” n.d.).  
	 
	Megaregions represent an important new planning unit particularly for transportation. Transportation needs do not end at city, state, or even regional boundaries. People have travel demands that extend across urban centers and many of our transportation challenges “cannot be solved by actions taken solely at the city or metropolitan scale” (“Megaregions - America 2050,” n.d.). For example many people in the northeast corridor routinely travel between the major city centers of Boston, New York, Philadelphia,
	 
	Despite the great promise of megaregions as planning units, research into transportation flows at the megaregional scale is relatively nascent. This is due to the fact that megaregions as a planning concept are still an emerging concept and also because of the difficulty of modeling transportation at the megaregional scale. However, some studies have been done that attempt to look at transportation accessibility at the megaregional scale. Again, a full literature review of megaregional transportation resear
	 
	Zhang et al. looked at how transportation can be better coordinated across the Texas Triangle megaregion. They found that megaregional planning has great potential to enhance mobility in Texas and move transportation infrastructure away from “environmentally sensitive areas” (Zhang, Steiner, & Butler, 2007, p. 32). However, the authors also found that megaregional transportation planning faces significant challenges (Zhang et al., 2007). Ross and Woo investigated megaregional mobility. They found that there
	best planning unit for the management of transportation infrastructure (Ross & Woo, 2011). Another study by Ge and Jian measured transportation accessibility at the county level in China. They found that rail investment has greatly improved megaregional mobility in China. But the benefits have not been evenly distributed, the coastal megaregions (e.g. Western Taiwan Straits, Yangtze, and Pearl River megaregions) have benefited the most from this investment.  
	 
	Within this context, this study specifically contributes to megaregional transportation research by providing a theoretical and methodological framework that can be used to assess transportation infrastructure demands. First and foremost, the methods developed in this study represent a significant step forward for transit desert research. Our refined methods have greatly improved the accuracy of transit desert detection, particularly because we now classify areas as either transit deserts, adequately served
	 
	Second, these methods can be easily extended to megaregional areas and serve as a valuable tool for megaregional transportation planning. Kim et al. outlies how transit desert methods can be applied to areas outside of cities. This suggests that the concept of transit deserts, as a planning tool, is a valid one. By taking the methods developed here and extending them to megaregional areas transportation access can be better assessed at the megaregional scale. This is a significant a contribution because muc
	 
	Finally, our methods clearly show that all cities across the United States have issue meeting travel demand. This implies that cities all have common problems that need to be solved. By working together at larger units these challenges can begin to be address not just in one city, but in many cities. This approach has already begun to show promise. For example, in the Northeast megaregion officials from various public transit agencies are working to make it possible to travel from DC to Philadelphia entirel
	transportation planning can benefit many cities across a larger area. New forms of thinking like this are needed to solve the complex issue of transit deserts. 
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	Table 1A Transit Deserts Calculation Results in the 52 Major US cities  
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	City Name 
	City Name 

	Average of Supply Zscore 
	Average of Supply Zscore 

	Average Demand Zscore 
	Average Demand Zscore 

	Average Gap Zscore 
	Average Gap Zscore 
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	Albuquerque 
	Albuquerque 

	-0.001 
	-0.001 

	0.004 
	0.004 

	-0.005 
	-0.005 
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	Atlanta 
	Atlanta 

	0.000 
	0.000 

	0.003 
	0.003 

	-0.003 
	-0.003 
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	Austin 
	Austin 

	-0.001 
	-0.001 

	0.003 
	0.003 

	-0.004 
	-0.004 
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	Baltimore 
	Baltimore 

	-0.002 
	-0.002 

	0.004 
	0.004 

	-0.006 
	-0.006 
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	Bay Area 

	0.008 
	0.008 

	-0.026 
	-0.026 

	0.034 
	0.034 
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	Boston 
	Boston 

	0.005 
	0.005 

	0.002 
	0.002 

	0.002 
	0.002 
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	Buffalo 
	Buffalo 

	0.016 
	0.016 

	0.004 
	0.004 

	0.012 
	0.012 
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	Charlotte 

	0.003 
	0.003 

	0.000 
	0.000 
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	Chicago 
	Chicago 

	0.000 
	0.000 
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	0.001 

	0.000 
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	0.001 
	0.001 

	0.001 
	0.001 

	0.000 
	0.000 
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	Colorado Springs 
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	0.004 
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	Detroit 
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	0.000 
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	DFW-Arlington 

	-0.017 
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	El Paso 
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	0.002 
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	-0.003 
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	0.000 
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	-0.003 
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	-0.004 
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	0.000 
	0.000 
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	0.006 
	0.006 

	0.005 
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	Las Vegas-Paradise 

	-0.002 
	-0.002 

	-0.005 
	-0.005 

	0.003 
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	Los Angeles County 

	0.001 
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	0.000 
	0.000 


	TR
	Span
	Louisville 
	Louisville 

	0.010 
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	0.007 
	0.007 
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	Miami 
	Miami 

	-0.003 
	-0.003 

	0.013 
	0.013 

	-0.016 
	-0.016 
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	Milwaukee 
	Milwaukee 

	-0.001 
	-0.001 

	-0.002 
	-0.002 

	0.001 
	0.001 
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	Nashville 
	Nashville 

	0.001 
	0.001 

	0.003 
	0.003 

	-0.002 
	-0.002 
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	New Orleans 
	New Orleans 

	0.003 
	0.003 

	0.005 
	0.005 

	-0.001 
	-0.001 
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	New York City 
	New York City 

	0.000 
	0.000 

	0.000 
	0.000 

	0.000 
	0.000 
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	Oklahoma City 
	Oklahoma City 

	0.000 
	0.000 

	0.000 
	0.000 

	-0.001 
	-0.001 
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	Orlando 
	Orlando 

	-0.025 
	-0.025 

	-0.020 
	-0.020 

	-0.005 
	-0.005 
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	Philadelphia 
	Philadelphia 

	0.001 
	0.001 

	0.000 
	0.000 

	0.000 
	0.000 
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	-0.001 
	-0.001 

	-0.001 
	-0.001 

	-0.001 
	-0.001 
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	Pittsburgh 
	Pittsburgh 

	0.000 
	0.000 

	0.000 
	0.000 

	0.000 
	0.000 
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	Portland 
	Portland 

	0.001 
	0.001 

	-0.004 
	-0.004 

	0.005 
	0.005 
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	Raleigh-Durham 
	Raleigh-Durham 

	0.005 
	0.005 

	0.005 
	0.005 

	0.000 
	0.000 
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	Sacramento 
	Sacramento 

	-0.030 
	-0.030 

	0.001 
	0.001 

	-0.031 
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